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Abstract: Deep-water channels are well-exposed along the northern margin of the east-west oriented Late Paleocene to Oligocene
Elazığ Basin of eastern Turkey. The deep-water slope channel complexes are characterised by their association with prominent normal
faults, where they seem to have controlled their geometries at the northern margin. The channels were fed by coarse-grained sediment
shed by subaqueous gravity flows such as high and low-density turbidity currents, and both cohesive and noncohesive debris flows, from
elevated hinterland across narrow shelves and through canyons and gullies into the channels. The faulting and subsequent folding along
the northern basin margin created a significantly irregular deep-water slope, and these gravity flows were deflected around, and ponded
against this topography. The nature of the impact of seafloor topography, created both before and during channel activity, was examined
to create a scheme that documents the range of such effects. Detailed field mapping in this semidesert area shows that these slope
channel complexes were strongly controlled by block fault topography generated during early basin evolution in the Late Paleocene,
and again during fold development from thrust nappe emplacement during basin filling in the Late Middle Eocene when the HazarMaden Basin closed in the south. Four styles of slope channel complex-fold interaction have been recognised: deflection, blocking,
diversion, and confinement. In each style of interaction, folding and faulting controlled both channel complex planform geometry and
architectural style of the channel fills. In addition to seafloor topography inherited from these earlier phases of compression, subsequent
gravitational collapse on the northern basin margin also created normal fault-bound blocks that locally controlled turbidity current
pathways and channel complex orientation. It has also been shown that the orientation of the slope channel complexes within mudprone slope sequences has later controlled the orientation of younger fold axis in the Middle Eocene.
The study illustrates very well-exposed examples of complex seafloor topography generated by compressional and extensional tectonics,
and the impact this has had on slope channel complex evolution.
Key words: Deep-water slope channel complexes, Eocene turbidites, Elazığ Basin, Marik Member, eastern Turkey

1. Introduction
Deep marine slope or basin floor channels are key
architectural elements within submarine turbidite systems
(Mutti and Ricci Lucchi, 1978; Bouma et al., 1985; Damuth
et al., 1988; Cronin et al., 2000a, 2000b; Schwenk et al., 2005;
Hubbard et al., 2009; Meiburg and Kneller, 2010; Kane and
Hodgson, 2011; Nakajima and Kneller, 2013; Morris et al.,
2014; Hansen et al., 2015; Corseri et al., 2018). Conglomerate
and sand-filled channels in some of these deep-water slope
systems are diverted by preexisting or coevally developed
topography inherited from folding and faulting (Cronin,
1995; Cronin et al., 1995; Clark and Cartwright, 2009, 2011;
Çelik, 2013; Georgiopoulou and Cartwright, 2013; Gamboa
and Alves, 2015; Zucker et al., 2017).
Outcrop, offshore, and subsurface studies on deep
marine slope turbidite channels show that many of the

channels consist of more than one phase of development,
with heterolithic clastics with multiple phases of erosion,
bypass, backfill, and final late stage sinuous channel
elements (Bouma et al., 1985; Mutti and Normark, 1987;
Cronin, 1994, 1995; Schwab et al., 2007; Shanmugam,
2012). Spectacular examples of entrenched deep marine
channel complexes are documented in Eocene-Oligocene
slope channel systems in eastern Turkey (Cronin et al.,
2000a, 2000b, 2005, 2007a, 2007b). These multiphase
occupancy channel complex phases are thought to be
related to contemporary tectonics along the basin margin,
where both block faulting during basin opening and
reactivating thrust slices in the source area during basin
closure, are interpreted to dominate the sediment supply
from the shelf, over global or relative sea level changes
(Cronin et al., 2000a, 2000b; Posamentier and Kolla,
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2003; Cronin et al., 2005). The deep-water slope channel
complexes were clearly impacted by syndepositional
tectonism. Understanding the relationship between
inherited and growing seafloor topography controlled
by tectonism and the channel orientations provides
constraints on the growth history of structures, particularly
of synsedimentary fold development that may affect sand
or gravel deposition (Clark and Cartwright, 2011).
Recent studies have focused on the styles of interaction
between deep-water slope channel complexes and evolving
seafloor deformation, especially fold development caused
by compressional tectonics, and the growth of salt and mud
diapirs (Huyghe et al., 2004; Gee and Gawthorpe, 2006;
Heinio and Davies, 2007; Deptuck et al., 2007; Clark and
Cartwright, 2009, 2011; Dantec et al., 2010; Gamboa et al.,
2012; Çelik, 2013; Salazar et al., 2014; Gamboa and Alves,
2015; Carter et al., 2016; Zucker et al., 2017; Corseri et al.,
2018).
Clark and Cartwright (2009) addressed four basic
relationships between deep marine channels and fold
development in the Levantine Basin related to salt tectonics.
These are: deflection, blocking, diversion, and confinement
as unique relationships separately in one basin. Deflecting
and blocking are terms referring to synsedimentary fold
deformation diversion in flow direction of the turbidity
currents, then later on uplift of the fold axis, continuous
deposition and erosion result in a transition from channel
deflection to blocking. During diversion and confinement,

turbidity currents flow along slope valleys generated by
earlier synclinal structures, and channel orientations follow
the synclinal axis. Clark and Cartwright (2011) examined
the key controlling factors under which each interaction
occurs, and illustrated the range of more subtle interactions
that can occur between each end-member. Çelik (2013)
pointed out bilateral interaction between deep marine linear
conglomerate filled channel bodies and fold development
and addressed that in the low net: gross deep marine
slope environment, coarse-grained channel fills control
the location and orientation of fold development. The fold
axis orientations of these folds are distinct from other folds
created by later regional tectonic compression. Since they
follow the channel body orientations, the folds are oblique
to the known regional directions of main structural stress,
which have even led to incorrect interpretation of tectonic
plate movement direction to be made (Çelik, 2013).
The aim of this study is to show that blocking and
deflection act together depending on the orientation of
the fold axis of a coeval active fold with a transition from
blocking to deflection, and shows how a high density
gravel filled turbidite channel may be terminated by a
synsedimentary normal fault perpendicular to the flow
direction in the same location. This study also aims to
present a well-exposed outcrop example that reveals the
channel response to coeval compressional deformation
at location around Baskil, about 50 km west of Elazığ
(Figure 1), and can be applied to many different outcrops

Figure 1. Geological map of the Elazığ area in eastern Turkey (modified from Turan and Bingöl, 1991; Cronin et al., 2005; and Çelik,
2013). Note that the Kırkgeçit Formation crops out in an E-W elongated basin and has an approximately 50 km wide present day
exposure.
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and deep-water deformational settings. The paper uses
examples from the eastern part of the Elazığ Basin to
examine the impact of different styles of topographic
interaction with intraslope deep-water channels that have
not been documented previously from work in the eastern
parts of the Elazığ Basin (Cronin et al., 2007a, 2007b).
The importance of this work is in predicting the styles
of intraslope architecture in deep-water, particularly
related to channels. The impact of this work would mainly
be on mapping sand body geometry around intraslope
confinements, to establish the nature of reservoir sand
ponding, and continuity, particularly in slopes with
contemporary tectonics, or partly buried topography
generated by tectonism. Mapping channel forms on
seismic attribute maps from the subsurface often reveals
scenarios where channels cut into, pond against, or are
deflected or otherwise blocked by seafloor features such
as fault line escarpments, thrust-dip generated highs
(including those found at the lower parts of large-scale
gravitationally detached slopes), slump scars and other
topographic highs. Establishing reservoir continuity
around these features is critical for oilfield development
well planning. This paper provides a scheme for channel
body connectivity in such areas.
2. Methodology
For this study a detailed geological map of 1:25,000 scale
was constructed. Google Earth images were used to
assist interpretation in finding the exact location of the
principal tectonic structures, and to refine the mapping
of formation boundaries. This was integrated with
sedimentological field work data obtained from the study
area and its surrounding, including reinterpretation of
previous logged sections and palaeogeographic evolution
from Cronin et al. (2000a, 2005, and 2007a). Formation
contacts, structural elements such as faults, thrusts, and
fractures and the borders of slope channels and deflected
Marik Member were mapped for tens of kilometers on the
1:25,000 scaled topographic maps by inspecting in the field
to make a detailed geological map. A two-stage transverse
section model between the Early Middle Eocene and Late
Middle Eocene was first drawn here by using data from
this study and as a synthesis of previous studies in order
to better understand the palaeogeographic evolution of
the study area and its close surroundings. Ground-based
digital photographs were taken to show outcrop images
of the palaeoflow data, stratigraphic interrelationships
between the units and vertically and laterally related deep
marine channels containing palaeoflow evidences. Sixtysix palaeoflow measurements were taken by Bruntontype precision compass from clast imbrications, flute
marks, current ripples, clast orientation, parting lineation,
and cross-stratification. The data were collected when

978

making geological map from localities with their UTM
coordinates (Table). They do not need to be corrected
since the dip of their holding planar structures is less than
30° (Tucker, 2011). A rose diagram was used to graphically
summarise the palaeoflow information.
3. Geological setting and previous studies
3.1. Tectonic and stratigraphic framework
The stratigraphy and geological evolution of the Elazığ
area have been summarised by Yazgan (1984), Yazgan
and Chessex (1991), Turan and Bingöl (1991), Bingöl
and Beyarslan (1996), Aksoy et al. (1996, 2005, 2007),
Cronin et al. (2000a, 2000b, 2005, 2007a), Çelik (2003,
2013), Beyarslan and Bingöl (2018), Bingöl et al. (2018),
and Yılmaz (2018). A geological map of the Elazığ area is
shown in Figure 1, summarising the work on the evolution
of the area by Turan and Bingöl (1991), Aksoy et al. (1996),
Cronin et al. (2000a, 2000b) and Çelik (2013). The area is
characterised by a wide variety of stratigraphic units, much
of which has been exhumed, then eroded and redeposited
within the Kırkgeçit Formation deep-water slope channel
complexes. The stratigraphy has been redrawn for the study
area to show the main basement (pre-Late Cretaceous)
and basin fill (Early Paleocene-Oligocene) formations
(Figure 2). A brief summary of the stratigraphy and the
tectonic setting is given in this section of the paper. Figure
3 was created during this work for the area, and shows the
interpreted palaeogeography of the Elazığ area from the
Early Middle Eocene to the Late Middle Eocene, to help
the reader to follow the stratigraphy overview and for
tectonic activity affecting sedimentation more readily.
The closure of the southern branch of the Neotethyan
and the Inner Tauride oceans began in the late Cretaceous
(Bingöl, 1984; Şengör et al., 1985; Turan and Bingöl, 1991).
The resulting regional compression is reflected in two
phases of thrusting in the early Paleogene; at the beginning
of the Paleocene and in the Late Middle Eocene (Aksoy et
al., 1996; Çelik, 2003). This compressional regime affecting
the region caused Keban Metamorphites and Elazığ
Magmatics to uplift from north to south, thrusting over
younger units (İnceöz, 1994; Aksoy et al., 1996).
These plate movements also led to the opening and
closure of back-arc basins such as the Hazar-Maden and
Elazığ basins (Şengör et al., 1985; Aksoy et al., 1996; Çelik,
2003, Figure 3A). The interaction of tectonism (both
compressional and extensional) and coeval erosion from
uplifting intrabasinal highs and sedimentation in the
intervening basins, is characteristic of the Paleogene in
this area. The interaction of tectonism and sedimentation
caused diversion of turbidity current pathways, with
erosional truncation surfaces forming between and
within depositional packages, during alternating
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Table. Palaeoflow measurements with the figure numbers related representative photos for the sedimentary structures showing the flow
orientations.
No.

Orientation

Location

Sedimentary structure

Coordinates

Figure number

1

175

Yukarıalhaç
(channel fills)

Flute mark

N:38°35′33.68″
E:38°34′31.16″

2

190

Yukarıalhaç
(channel fills)

Current ripple
(in Tc of full Bouma seq.)

N:38°35′36.06″
E:38°34′31.99″

Figure 5B

3

165

Yukarıalhaç
(channel fills)

Clast imbrication

N:38°35′34.20″
E:38°34′31.01″

Figure 5C

4

170

Yukarıalhaç
(channel fills)

Flute mark

N:38°35′34.59″
E:38°34′31.09″

Figure 5D

5

175

Yukarıalhaç
(channel fills)

Current ripple

N:38°35′39.68″
E:38°34′30.83″

6

171

Yukarıalhaç
(channel fills)

Clast imbrication

N:38°35′32.28″
E:38°34′45.89″

7

2-182

North of Aşağıalhaç

Parting lineation

N:38°34′49.92″
E:38°35′13.79″

8

0-180

North of Aşağıalhaç

Parting lineation

N:38°34′48.36″
E:38°35′08.47″

9

180

North of Aşağıalhaç

Flute mark

N:38°34′48.69″
E:38°35′09.25″

10

175

North of Aşağıalhaç

Flute mark

N:38°34′48.43″
E:38°35′10.31″

11

185

North of Aşağıalhaç

Flute mark

N:38°34′52.73″
E:38°35′19.59″

12

170

West of Resulkahya

Clast imbrication

N:38°36′17.14″
E:38°36′29.05″

Figure 7B

13

170

West of Resulkahya

Gravel-filled megaflute mark

N:38°36′17.19″
E:38°36′29.14″

Figure 7C

14

165

West of Resulkahya

Gravel-filled megaflute mark

N:38°36′17.19″
E:38°36′29.14″

Figure 7C

15

165

West of Resulkahya

Gravel-filled megaflute mark

N:38°36′17.19″
E:38°36′29.14″

Figure 7C

16

170

West of Resulkahya

Clast imbrication

N:38°36′24.89″
E:38°36′29.43″

Figure 8B

17

165

West of Resulkahya

Clast imbrication

N:38°36′24.88″
E:38°36′29.35″

Figure 8C

18

165

West of Resulkahya

Tabular cross stratification

N:38°36′24.88″
E:38°36′29.35″

Figure 8D

19

250

NW of Akdemir

Clast imbrication

N:38°37′14.86″
E:38°41′04.01″

20

260

NW of Akdemir

Clast imbrication

N:38°37′16.91″
E:38°41′06.87″

21

260

NW of Akdemir

Clast imbrication

N:38°37′17.21″
E:38°41′08.50″

22

255

NW of Akdemir

Clast imbrication

N:38°37′16.33″
E:38°41′10.97″

Figure 6B

Figure 6C

Figure 9B

Figure 9C
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Table. (Continued).
23

262

NW of Akdemir

Clast imbrication

N:38°37′10.16″
E:38°40′10.00″

24

215

South of Resulkahya Marik
member

Clast imbrication

N:38°35′40.42″
E:38°38′02.95″

25

240

South of Resulkahya Marik
member

Clast imbrication

N:38°35′45.24″
E:38°38′05.84″

26

210

South of Resulkahya Marik
member

Clast imbrication

N:38°35′39.85″
E:38°38′03.81″

Figure 10C

27

223

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′46.41″
E:38°35′28.30″

Figure 11B

28

230

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′46.34″
E:38°35′36.13″

29

228

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′57.73″
E:38°36′04.24″

30

230

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′47.88″
E:38°35′31.46″

31

232

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′52.39″
E:38°35′38.01″

32

225

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°35′00.49″
E:38°35′50.25″

33

228

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′55.30″
E:38°35′56.26″

34

240

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°35′07.60″
E:38°36′12.49″

35

235

Between Aşağıalhaç and Marik
(Marik member)

Clast imbrication

N:38°34′54.58″
E:38°35′42.11″

36

225

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′07.49″
E:38°36′42.35″

37

223

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′15.72″
E:38°36′54.07″

38

231

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′19.12″
E:38°37′04.30″

39

232

Close eastern Marik
(Marik member)

Clast imbrication

N:38°34′53.63″
E:38°37′00.47″

40

239

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′29.28″
E:38°37′26.14″

41

230

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′34.57″
E:38°37′31.80″

42

228

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′32.18″
E:38°37′39.36″

43

236

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′27.07″
E:38°37′42.45″

44

235

Close eastern Marik
(Marik member)

Clast imbrication

N:38°35′27.95″
E:38°37′25.68″

45

175

South of Akdemir
on the Marik Ant.

Clast imbrication

N:38°36′36.74″
E:38°41′48.98″

46

190

South of Akdemir
on the Marik Ant.

Clast imbrication

N:38°36′23.52″
E:38°41′46.26″
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Table. (Continued).
47

180

South of Akdemir
on the Marik Ant.

Clast imbrication

N:38°35′22.28″
E:38°41′37.51″

48

185

South of Akdemir
on the Marik Ant.

Clast imbrication

N:38°35′58.09″
E:38°41′04.97″

Figure 12C

49

350-170

South of Akdemir
on the Marik Ant.

Long axis clast orientation

N:38°36′00.38″
E:38°41′03.84″

Figure 13B

50

175

South of Akdemir
on the Marik Ant.

Long axis clast orientation

N:38°36′00.19″
E:38°41′03.91″

51

171

South of Akdemir
on the Marik Ant.

Long axis clast orientation

N:38°35′58.81″
E:38°41̍ 05.04″

52

165

South of Akdemir
on the Marik Ant.

Clast imbrication

N:38°35′59.73″
E:38°41̍ 04.39″

Figure 13C

53

20

Gir T. channels

Clinoforms

N:38°33′43.33″
E:38°34′58.13″

Figure 14A

54

15

Gir T. channels

Clast imbrication

N:38°33′39.22″
E:38°34′52.58″

Figure 14B

55

346

Gir T. channels

Clast imbrication

N:38°33′34.41″
E:38°34′58.77″

Figure 14C

56

355

Gir T. channels

Clast imbrication

N:38°33′29.27″
E:38°34′49.07″

57

345

Nohut T. channels

Current ripple (Tc)

N:38°33′50.31″
E:38°36′17.39″

58

337

Nohut T. channels

Current ripple (Tc)

N:38°33′50.06″
E:38°36′16.93″

59

355

Nohut T. channels

Clast (Nummulite) imbrication

N:38°33′48.98″
E:38°36′10.13″

60

12

Nohut T. channels

Clast imbrication

N:38°33′48.10″
E:38°36′06.15″

61

358

Nohut T. channels

Clast imbrication

N:38°33′48.16″
E:38°36′06.90″

62

352

Nohut T. channels

Clast imbrication

N:38°33′48.05″
E:38°36′06.43″

63

356

Nohut T. channels

Clast imbrication

N:38°33′50.07″
E:38°36′11.42″

64

360

Nohut T. channels

Clast imbrication

N:38°33′48.93″
E:38°36′01.60″

65

5

Nohut T. channels

Clast imbrication

N:38°33′49.12″
E:38°36′04.30″

66

360

Nohut T. channels

Clast imbrication

N:38°33′38.28″
E:38°36′50.34″

extensional and compressional stresses. Previously, these
field relationships were misinterpreted as regional angular
disconformities (e.g., Özkul, 1988; Özkul and Kerey,
1996) such as the apparent angular contact between the
Seske Formation and the early sedimentation phases of
the Kırkgeçit Formation, rather than locally generated
syndepositional features.

Figure 15B

Figure 15C

Northwards subduction in south-eastern Turkey resumed
in latest Paleocene time, with an accretionary prism forming
(centred on Maden, not shown in Figure 1, southeast of
Elazığ), and limited calc-alkaline volcanism south of that.
During the Middle Eocene, the southern part of Elazığ area
subsided rapidly by block faulting in a backarc setting, forming
the deep-water volcanic-floored Elazığ and Maden Basins, in
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Figure 2. Stratigraphic columnar section of the study area (modified from Özkul, 1988 and Cronin et al., 2005).
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Figure 3. Early Middle Eocene (A) to Late Middle Eocene (B) tectonic evolution of Elazığ area created by using data of this study
and as a synthesis of previous works (e.g., Şengör et al., 1985; Aksoy et al., 1996; Robertson, 2000, 2007; Yılmaz, 2018).

an extensional, or strike-slip dominated, setting (Robertson,
2000, 2007). The Maden Basin separated the Elazığ Basin from
the contemporaneous volcanic arc (Figure 3A).
The basin was subsequently incorporated into the
foreland of thrusts propagating from the north later in
the Paleogene, and this collision ensued from the Late
Eocene onwards, tightening the suture zone, whereupon
the collision zone migrated towards the easternmost
Mediterranean (Robertson, 2000, 2007). In south-eastern
Turkey, this was the time of closure of the ‘Inner Tauride

Ocean’ (Şengör et al., 1985). The Maden Basin and related
Hazar Basin collapsed and was overthrusted by Senonian
Elazığ Magmatics around Elazığ to the south (Figure 3B).
The thrusts propagating from the north and the closure
of the two basins caused uplift of the southern margin of
the Elazığ Basin, folding of the Harami, Kuşçular, and
Seske formations and northward shifting of the basin axis.
Subsequent orogenic collapse caused extensional block
faulting at the northern margin the Elazığ Basin deepened
in this time (Figure 3B).
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The Oligocene was a time of relative tectonic
quiescence. The subduction zone switched to the south
(north of Cyprus) during the early Miocene, and this
did not dramatically affect the Elazığ area (Aksoy et al.,
1996; Robertson, 2000). The southwards switching of
this subduction zone is thought to reflect the denser,
early Mesozoic Neotethyan crust that had already been
consumed in the Elazığ area, and the remaining younger,
more buoyant Upper Cretaceous oceanic crust which
was more difficult to consume than the lower Mesozoic
oceanic crust further south (Robertson, 2000, 2007). After
the closure of the Elazığ Basin during the Late Middle
Miocene, the tectonics of the area switched to strike-slip
movement during the Pliocene, exemplified by the East
Anatolian Fault (Şengör et al., 1985). The Elazığ Basin
is estimated to have had a width of not less than 50 km
during the Middle Eocene since the present-day exposure
of the Kırkgeçit Formation is already about 50 km wide
(see Figure 1).
3.2. Deep-water setting of the Kırkgeçit Formation
The Middle Eocene-Oligocene Kırkgeçit Formation is
a major component of the fill of the Elazığ Basin (Avşar,
1989a, 1989b), and had a source area located on its
northern margin. The Kırkgeçit Formation is composed
of deep-water and shelf sediments (Özkul and Kerey,
1996), which unconformably overlie Paleocene and older
basement rocks. The Kırkgeçit Formation crops out in a
large area of about 50 km wide and more than 100 km
length in the vicinity of Elazığ area (Figure 1). The unit is
characterized by slope and basin plain facies in the south
(Özkul and Kerey, 1996) and by shelf facies (calcarenites
and gravelly sandstones) in the north. The northern
margin of the basin was strongly affected by extensional
tectonics. It was shown that the palaeoslope of the Elazığ
Basin striked northeast-southwest, faced south-southeast,
and prograded in that direction (Cronin et al., 2000b). The
upper slope facies were downlapped onto by prograding
shelf sands during the Late Eocene–Early Oligocene, after
a period of slope regrading (Cronin et al., 2000b, 2005, and
2007a). Although classical deep-water fan and basin plain
facies associations have not to date been recognised during
extensive field work in the Elazığ Basin, Özkul (1993) did
interpret inner, middle and outer fan, slope, basin plain,
carbonate shelf and shelf-front carbonate to west of Elazığ,
around Baskil (Figure 1).
The eastern part of Elazığ area was mapped by Özkul
and Üşenmez (1986). Other exposures of the Kırkgeçit
Formation were described northwest of Elazığ at Harput
and in a series of thrust slices to the east of Harput (İnceöz,
1994). Dating of the slope succession using planktonic
foraminifera yielded a Middle Eocene age (Avşar, 1989b).
Four channel bodies were recognized on the eastern part
of Harput. Brief descriptions of channel fills, abundant
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trace fossils, and the effects of synsedimentary tectonism
were documented by Özkul and Üşenmez (1986).
The channel bodies were thought to occur at different
stratigraphic levels within the slope succession. There are
in fact a larger number of channel exposure localities east
of Harput, nested in slope mudstones (Cronin et al., 2000b,
2000c, 2007a, and 2007b). Palaeoflows within the channel
complexes are to the south and southwest, but change in
direction to the west-southwest along the contact between
the Kırkgeçit Formation and the Elazığ Magmatics, where
the largest exposure of channel-fill was found east of
Harput. This large channel complex can be traced updip
into the toes of a large conglomeratic fan delta at the
northern margin of the basin (Cronin et al., 2000a).
The Marik Member is one of four members of
the Kırkgeçit Formation, and is composed of mainly
conglomerates at the basal level. This is interpreted as
coarse-grained fan delta that extended from the shelf to
the base of slope, fed by high-density turbidity currents
and debris flows (Figure 4), and then propagated southwestwards due to topographic confinement to the south.
Fan delta-fed systems prograded rapidly into depositional
lows.
The study area (15 km E-W by 10 km N–S) is
characterised by sedimentary units with a prominent
NE–SW trending, syndepositional fold that gently
plunges toward the southwest called the Marik Anticline,
and a series of associated smaller-scale synclines and
anticlines (Figure 4). Topographic ridges represent the
axes of the anticlines, comprising Nummulites-bearing
limestones of the Upper Paleocene-Lower Eocene Seske
Formation, underlying the Middle Eocene-Oligocene
Kırkgeçit Formation. The Kırkgeçit Formation comprises
interbedded shales and sandstones of deep-water slope
association, with nested isolated slope channels and masstransport complexes. The topographic lows between the
anticlines are characterised by deep-water slope channels
(Cronin et al., 2000a, 2005, and 2007a).
There is a clear interaction between these channel
complexes and tectonic structures such as folds.
Synsedimentary folds growing during sedimentation were
clearly deflected by linear coarse-grained channel bodies
and vice versa (Çelik, 2013).
4. Results
4.1. Palaeoflow data
Sixty-six palaeoflow orientation measurements were
taken from the sedimentary structures in both the Marik
Member and the sand-gravel filled deep-water slope
channel bodies of the Kırkgeçit Formation (Figure 4,
Table). Unidirectional sedimentary structures such as
a-axis clast imbrication, current ripple lamination, sand
filled flute marks, gravel filled megaflute marks, and planar
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Figure 4. Geological map of the study area showing locations of structural cross-sections shown in Figure 19 and the coeval Marik
Anticline blocking and deflecting the Marik Member. Green arrows represent the location of palaeocurrent measurements along with
flow directions and related figure numbers (from Figures 5 to 15).

cross-stratification, and bidirectional structures such as
long axis clast orientations and parting lineation were used
for the measurements.
Four groups of palaeocurrent directions were
recognised. Representative palaeoflow measurements
(Table) were given here by illustrating on field photographs.
The first group comprises flute marks, parting lineation,
a-axis clast imbrication, current ripple laminations,
and planar cross-stratification in the channel fills to the
north and northwest of Marik. The average direction of
palaeoflow in this region is towards 180° (Figures 5–8) and
the palaeoflow directions indicate that the feeding here
was from a source area located to the north. Measurements
in the channel fills give an approximate southwest-west
direction (Figure 9). It has been interpreted that this may
be because these channel sediments were formed near
the time when the Marik Anticline continued to develop
deflecting currents towards the southwest.
Palaeoflow measurements in the second group were
obtained from a-axis clast imbrications in high-density
turbidites belonging to the deflected Marik member
(Table). The prevailing current direction here was towards
the southwest (Figures 10 and 11).

The intervals belonging to the predeflection sediments
of the Marik Member crop out above the Marik Anticline
and represent the third group of measurements. The average
palaeoflow direction in these ponded channel fill sediments
indicates a southerly flow direction (Figures 12 and 13).
Palaeoflow measurements in the fourth group were
obtained from channel fill sediments at Nohut Tepe and
Gir Tepe, near the lower left-hand corner of the map (see
Figure 4). The basin here was fed from the southern margin,
with palaeoflow from South to North. The measurements
are represented by a-axis clast imbrication (Figure 14) and
transported Nummulites imbrication (Figure 15).
The locality of the figures is illustrated by green arrows
with the relevant figure number on the 1:25,000 scale
detailed geological map of the study area. Palaeocurrent
data (n=66) were projected onto a rose diagram (Figure
16) to illustrate the turbidity current directions during
sedimentation.
4.2. Evidences of coeval deformation within the Marik
Member
Three main observations support the idea that one
anticline causes both blocking and deflection of sediment
transportation pathways. These are:
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Figure 5. (A) Spectacularly exposed channel fill at the southern slope of Bozatlı Tepe having repeated complete Bouma sequence
towards the upper phases of the channel. The fill is characterized by tabular pebbly sandstones with mud chip breccias, interbedded with
graded turbidite sandstones. (B) Full Bouma sequence shows southern flow in Tc on its current ripples, (C) Long axis clast imbrication
and (D) Flute mark, indicate southern flow direction.

4.2.1. Levee rotation on folded limestones of the Seske
Formation
Channel levee growth responds to coeval compressional
deformation, and A-A” and B-B’ cross sections illustrate
tilted levee stratigraphy (Figure 17).
4.2.2. Intraslope ponding of the Marik Member
The ponded Marik Member has a southerly palaeoflow
direction, with conglomerates having a mostly matrix-
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supported depositional fabric (Figures 17 and 18). The
member is interpreted as the distal toes of a coarse-grained
fan delta that has accumulated on the deep-water slope
from the north, as a phase of gravelly debris flows and highdensity turbidity currents. The most prominent ponding
of the conglomerates is seen in a remnant on top of the
anticline. The Marik Anticline is a southwest-plunging
fold formed during the compression that preceded the
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Figure 6. (A) Sandy channel fill fed from the North lying on the Marik Member close northern part of Aşağıalhaç village. (B) Parting
lineations many fine-grained thin-bedded sandstone beds have a N-S orientation. (C) Flute marks on a cm scale give a southwards flow
direction.

Figure 7. (A) Gradually fining-upwards gravel-filled channel with erosional base into slope shales located to the west of Resulkahya
village. (B) a-axis clast imbrications show that the flow direction is approximately to the south, (C) Three mega flute marks at the base
of the channel indicate an approximately southerly palaeocurrent direction.
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Figure 8. (A) A small-scale gravelly conglomerate-filled channel located to the west of Resulkahya village contains spectacular a-axis
clast imbrications indicating southerly flows in (B) and (C). In (D), tabular cross stratification shows the same flow direction as in (C).

end of the Late Middle Eocene, during closure of the
Maden Basin to the south, and northwards shifting of the
Kırkgeçit Basin (Figures 3A and 3B).
4.2.3. Discordances between Nohut Tepe channel
complex fill phases
The Nohut Tepe exposure is a 3.2 km-wide exhumed,
E-W orientated strike section across the slope channel
complex, where three main phases of channel complex fill
are recognised. The Kırkgeçit Formation that represents
the channel complex fill pinches out at either end of the
exposure, onlapping against the older folded underlying
Seske Formation (Figure 18). In other locations, such
as the Marik Anticline to the north and other related
synclinal and anticlinal structures around Nohut Tepe, the
transition from Seske Formation to Kırkgeçit Formation
is conformable (Figure 20A and 20B), with no break in
the biostratigraphic record observed (Özkul, 1988). This
compressional deformation forms prominent truncation
surfaces and discordances between the three channel
complex fill phases which are interpreted respectively
below (Figures 18A and 18B).
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4.2.3.1. Phase 1: Carbonates with soft sediment
deformation
Cronin et al. (2005) stressed that the lowermost section
of the fill is represented by a thick stack of limestones and
marls exhibiting large-scale soft sediment deformation,
primarily slump structures (Figure 19). The slumped
limestone and marl package thickens considerably
westwards towards the axis of the slope channel complex.
Phase 1 consists of bedded limestones at the base, passing
rapidly into thinly-interbedded limestones and marls.
Medium-grained sandstones are rarely observed. The
interval is characterised by Lower-Middle Eocene benthic
and planktonic foraminifera indicating palaeobathymetry
in excess of 200 m, at upper bathyal depths.
4.2.3.2. Phase 2: Carbonate-siliciclastic mixed interval
Phase 2 of the complex consists of ~160 m of interbedded
marls, calcarenites, and sandstones, which are often
slumped, producing lateral variation in thickness of the
unit. The transition from Phase 1 to Phase 2 is sharp and
marked by a colour change from grey to yellow (Figure
19). This colour change marks a switch to siliciclastic
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Figure 9. Conglomerate-filled channel architecture located northwest of Akdemir village (A). Very well-rounded and well-sorted clasts
are imbricated on their long axes (B) and (C). The stratigraphic position of this channel is above the Marik Member and possibly
deflected by the coeval developing of the Marik Anticline. Very well-rounded clasts represent long distance transportation from the
North as the southern margin of the basin is too close to have the same fabric.

influx into the basin. Medium to fine-grained lenticular
sandstone bodies are recognised in packages up to 35 m
thick, and are found both throughout Phase 2, nested in
thick sections of rather monotonous calcarenites, marls,
siltstones and thin-bedded sandstones. These erosivelybased, lenticular bodies exhibit offset-stacking towards
the east (Figure 19) with coarse or granular-grained,
normally-graded sandstones with laminated and wavy bed
tops (Cronin et al., 2005).
4.2.3.3. Phase 3: Clastics
The last fill package of the channel complex is interpreted
as a phase of coarse-grained clastic sediment influx, and is
exposed as a series of landscape-forming scarps at Nohut
Tepe. The exposure comprises offset-stacked bodies of
channelized coarse-grained turbidites that onlap a sharply
discordant contact with the underlying fine-grained
calcarenites and marls at the top of Phase 2. The lenticular
bodies of Phase 3 are typically 30 m thick and 450 m

wide and consist of stratified coarse-grained turbidites.
Imbricated shelfal Nummulites, indicate a northerly
palaeoflow direction (see Figure 15). The gravel bodies
have erosive bases, are isolated within slope shales, and
do not exhibit preferred systematic offset-stacking as was
observed in Phase 2. The channel lenses are underlain by
a package of interbedded thinly-bedded, normally graded
sandstones and siltstones which are commonly currentrippled and contain deep-water ichnofossils (Cronin et al.,
2005).
The phase is interpreted as a period of clastic input,
primarily by subaqueous sediment gravity currents,
through the Nohut Slope Channel Complex during a
relaxation period of the compressional regime caused the
closure of the Hazar-Maden Basin.
Phase 1 beds were deposited on a flat basin floor and are
parallel to the underlying Nummulites-bearing carbonates
of the Seske Formation. Both sections have the same degree
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Figure 10. (A) The contact (red line) that separates the Marik Member from the other clastics of the Kırkgeçit Formation. A-axis clast
imbrications in the Marik Member (B and C) located to the south of Resulkahya village indicate SW flow direction since the flow was
deflected from the South to the SW by coeval development of the Marik Anticline.

of tectonic tilting before Phase 2. The significant angle of
divergence along the contact between Phase 1 and Phase 2
is interpreted as a result of synsedimentary compressional
tectonic movements in the Late Middle Eocene. Phase 2 of
the Nohut Tepe Channel Complex fill has direct evidence
for coeval compressional deformation. An increase in
clastic input accompanied by less tectonic deformation, is
inferred from Phase 3 of the Nohut Tepe Channel Complex
fill (see Figures 18A and 18B), indicates that the last phase
of activity was during tectonic quiescence (Figure 3A).
4.2.4. Marik Member conglomerates
Conspicuous westward-dipping stratigraphy (Figure 20),
initially interpreted as progradational clinoforms, are
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observed between Marik and Aşağıalhaç villages in the
Marik Member conglomerates. These clinoforms were
in fact generated not by progradation but from coeval
fold development. The Marik Member conglomerates
dip towards the NW while the palaeoflow direction was
consistently to the SW throughout member deposition
(Figure 20). The localisation of this tilted stratigraphy is
interpreted here to be due to the bulldozing effect of the
developing Marik Anticline bounding the conglomerates
from south.
The channel blocking and deflection are thought to
be formed at the same time as the deformation of Phase 1
together with the underlying Seske Formation.
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Figure 11. Marik Member terminated by a northeasterly dipping synsedimentary normal fault next to Aşağıalhaç village (A), and a-axis
clast imbrications show SW palaeocurrent direction in (B) and (C).

Figure 12. (A) Ponded Marik Member showing southwards palaeoflow direction measured from clast imbrications in (B) and (C)
directly overlying the Seske Formation on top of the Marik Anticline, SE of Akdemir village. In the panoramic view, the exposure of the
Marik Member shows deflection from the S towards SW.
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Figure 13. (A) Ponded Marik Member directly overlying the Seske Formation on top of the Marik Anticline represents initial flow
direction before deflection of Marik Member from the north to the southwest. (B) Clast orientations are approximately in N-S in. A-axis
clast imbrication just above the pink arrow shows southwards palaeoflow in (C).

Figure 14. (A) Gir Tepe Channel Complex axis trending 20°NE. Dip section of a-axis clast imbrication in (B) and strike section in (C)
indicates a source from the south.
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Figure 15. (A) Spectacular slope channel architecture located on the southern slope of Nohut Tepe fed from south (Phase 3 in the Figure
20). Pink arrows show palaeoflow direction. (B) Nummulites imbrication, transported from southern shelf, (C) Well-rounded and
moderately well-sorted with a-axis clast imbrication. Both (B) and (C) indicate a northwards palaeoflow.

The tilted stratigraphy in the Marik Member indicates
that the member was still being deformed by coeval
compression during deposition at the same time as Phase
2 deformation in the Nohut Tepe Channel Complex. This
time interval including Phase 1 and Phase 2 represents
the initiation and development of the SW plunging Marik
Anticline (see Figure 4) which blocked and deflected
the Marik Member towards the SW associated with the
developing of the two synclines confining the Nohut Tepe
and Gir Tepe Slope Channel Complexes (see Figures 18A
and 18B).
However, the contact between the Kırkgeçit Formation
and Seske Formation was previously interpreted (Özkul,
1988) as a disconformity due to the observed difference in

tectonic tilting between the Seske Formation and Phases 2
and 3 of the Nohut Tepe Slope Channel Complex, but Phase
1 shows similar dips to the Seske Formation and indicates
that the discordances were generated during Kırkgeçit
Formation deposition, as described above. Therefore, the
Seske Formation has been interpreted as being a shallow
marine member representing early initial transgression
during Kırkgeçit Formation deposition.
The Marik Member pinches out against a synsedimentary
normal fault with a NW-SE orientation, (Figures 20A and
20B). The orientation of the fault is almost perpendicular
to the axis of the coeval developed Marik Anticline, and
indicates that the fault was formed by an extension during
the compressional stress forming the anticline.
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Figure 16. Rose diagram showing the palaeocurrent directions. (a) Represents the Nohut Tepe and Gir Tepe slope channel complex
palaeoflow towards the North, (b) For Marik Member shows SW palaeoflow, and (c) Symbolises the channel flows located between
Resulkahya and Yukarıalhaç villages towards the South.

Figure 17. (A) Panoramic view and cross-section along the blue line showing levee behaviour related to coeval fold development.
Confined Marik Member levee was affected by synsedimentary compressional deformation. Levee beds are progressively rotated
towards the basement folded limestones of the Seske Formation. (B) B-B’ cross-section to the eastern part of the geological map hosting
the ponded channel remnant of Marik Member shows levee rotation and tilting on the northern limb of the Marik Anticline (see Figure
4 for locations of the structural cross-sections A-A” and B-B’). (C) Confined channel affected by deformation coeval with (but initially
predating) channel development (see Figure 22).

994

ÇELİK and CRONIN / Turkish J Earth Sci

Figure 18. (A) Block model for the Late Middle Eocene of the study area. The entire region illustrated in the block model has been
thrust towards the south, so the geological story immediately to the south has been obscured (see Figure 23). Sediments were being
sourced from both north and south at this time whereas during the Early M. Eocene the source was only from the north. The sea floor
topography was inherited by folding of the basement during Late M. Eocene time when the southern source was developed, and then
Nohut and Gir Tepe Channel Complexes started to form (Cronin et al., 2005). Green arrows show palaeoflow directions. Yellow lenses
represent individual channels. (B) Photomosaic of outcrop showing Nohut Tepe Complex, the phases and the detailed sedimentary log
location (red line) in Figure 19.

An impressive bed fabric change in the Marik Member
was found along palaeocurrent direction towards the
normal fault, where beds terminate progressively towards
the fault from high density turbidites to sandy debrites. In
Figures 20C–20E, towards the termination of the Marik
Member, the colour of the matrix of the beds changes from
dark grey to yellowish grey, and the dominance of a clastsupported, organised fabric passes gradually to one of
matrix-supported fabric with no clast organisation. Clast
composition also changes, from dark coloured and denser
clasts of basalts, to clasts of light coloured and less dense
carbonate and acidic igneous rock. In addition, the bed
fabric changes from prominent clast imbrication in clastsupported beds (pink arrow in Figure 20C), to ‘floating’
and vertical clast long axis alignment in matrix-supported
beds indicated in Figure 20E. Perhaps the lighter-coloured
clasts are relatively less dense than the basaltic ones and
were more buoyant. The lighter colour change in the
matrix is inferred to have been caused by admixture of clay

in these more slurried beds. The vertical a-axis orientation
of pebbles are spectacular indicators of rapid ‘freezing’ of
the lower parts of high density turbidity currents (Cronin
et al., 2000a, 2000b; Cronin, 2018). Overall, the observed
detailed fabric changes of these beds towards and against
the synsedimentary fault indicates that the flows that
deposited these Marik Member conglomerates were
rapidly dumping sediment in a ponded intra-slope setting,
a relationship that is called ‘termination’.
5. Discussion
Slope channel complex architecture, location, and
geometry are strongly controlled by tectonism (Cronin,
1995; Cronin et al., 1995; Clark and Cartwright, 2009,
2011; Çelik 2013, Carter et al., 2016; Zucker et al., 2017).
The specific impact of active folding and faulting on a
deep-water slope on channels appears to have four distinct
expressions, these are confinement, diversion, deflection,
and blocking (Figure 21) (Clark and Cartwright, 2009). In
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Figure 19. Detailed sedimentary log through Nohut Tepe Complex (see Figures18A and 18B for location) (Cronin et al., 2005).
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Figure 20. Marik Member with tilted ‘clinoform’ structures terminated by the synsedimentary NE facing normal fault east of Aşağıalhaç
village. Note the dragging (B-1) on the basin floor shales at the footwall of the fault, which is not seen on the hanging wall since the
conglomerates are younger and deposited against the fault plane after it was formed. Pink arrows show palaeoflows direction towards
SW from long axis clast imbrications. Purple ellipses show vertical pebble a-axes in (E). Left side of the normal fault is composed of
fine-grained basin plain sediments as illustrated in Figure 18A. Detailed explanations for the fabric changes through (C), (D), and (E)
are in the text.

that study it was stressed that these relations result in a
distinctive deep marine basin floor channel morphology that
differs from channels unconfined by seafloor topography
in more tectonically quiescent settings. These interactions
can also be used to examine relative timing, particularly
between deep marine channel fills and fold development.
The planform shape of deep-water systems in coarsegrained submarine settings has been illustrated by many
workers in various locations. Some analogous examples
from southern Turkey are found in the Miocene Adana
Basin. In that example there are comparisons on the effect
of deep-marine slope morphology, tectonism, and the
development of channels. Satur et al. (2005) showed the
tributary nature of upper slope feeder channels and gullies
of the Cingöz Formation in the Eastern Fan. Some of these
channels showed prominent doglegs in their planform

mapped expression, similar in nature to the examples
shown in the Baskil area of the Elazığ Basin.
The transition between channel deflection and blocking
is controlled by factors such as the relative timing of
fold development and the initial channel geometry, and
the number, scale, and relative orientation of structures
indicating the flow direction of the channel (Clark and
Cartwright, 2009). Increasingly subtle interactions
result from varying relative rates of sedimentation and
deformation. Diversion and confinement result from
preexisting fold development. Deflection and blocking
are two interactions that involve coeval deformation with
channel development, where the primary factor controlling
the transition from one to another being the relative rates
of sedimentation and deformation (Clark and Cartwright,
2009, 2011).

997

ÇELİK and CRONIN / Turkish J Earth Sci

Figure 21. Block diagrams illustrating the four end-member interactions between submarine channel developments and underlying
deformation (redrawn and coloured from Clark and Cartwright, 2009).

Channel levee morphology is also strongly affected by
tectonism. Clark and Cartwright (2011) stated that channel
diversion and confinement, and channel levee location, are
controlled by preexisting topography. An aggradational
channel levee package has a consequent geometry that
differs from the typical wedge geometry seen in unconfined
channel levee deposition (Figure 22). Levee thin-bedded
stratigraphy may show progressive rotation from base to
top of the levee sequence with discordances, indicating
tectonic tilting of the levee. This results in the basal levee
beds becoming tilted towards the channel axis, with an
upwards decrease in internal bedding dips (Figure 22). This
style of levee rotation may be accompanied by a progressive
deflection of the channel axis away from the point of uplift,
or towards a newly-formed topographic low. Where a deepwater slope channel forms before the deformation, the
levee is tilted towards the axis of the fold and can retain its
original wedge-shaped architectural geometry (Figure 22).
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Figure 23 illustrates the nature of the impact of
contemporary tectonism and tectonically-generated sea
floor topography on slope channel complexes in this paper.
In previous studies, Clark and Cartwright (2009, 2011)
proposed that when the axes of the folds are horizontal,
channel pathway blocking results. The Marik Anticline
and associated synclines plunge towards the SW, and
therefore initially deflected the Marik Member rather than
ponding it. Thus, when the axis of an anticline ponding a
channel complex is not horizontal, the channel complex
is deflected rather than blocked. The NW-SE oriented
synsedimentary normal fault almost perpendicular to
the axis of the Marik Anticline (Figure 23) terminates the
flows of the conglomerates. The fault is only seen at the end
of the Marik Member but cannot be traced upwards into
the overlying deep marine slope turbidites of the Aydınlar
Channel Complex. This type of termination differs from
the blocking, ponding, and deflection geometries.
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Figure 22. Series of schematic diagrams illustrating how levee geometries (interpreted from seismic data) can be used to provide
information on the effects of deformation on channel development. (a) Unconfined channel development where levee geometry thins
away from the channel axis with internal reflections downlapping against the base-channel surface. (b) Confined channel affected by a
structure predating channel development. The original wedge-shaped levee geometry is constrained by structural relief. (c) Confined
channel affected by deformation coeval with (but initially predating) channel development. Overall levee geometry is the same as for
case (b), but the internal levee reflections are progressively rotated towards the base of the levee sequence. (d) When deformation
postdates channel development the channel levee becomes incorporated into the emerging structure (Clark and Cartwright, 2011).

Overall, synsedimentary deformation in a complex
compressional setting such as that observed in the Middle
Eocene-Oligocene Kırkgeçit Formation has a dramatic
impact on mapped deep-water slope depositional fairways,
and many lessons can be learned from observing these
impacts.
6. Conclusions
1- The study shows for the first time that the
transportation direction of deep marine high-density
turbidity currents within the Middle Eocene-Oligocene
Kırkgeçit Formation west of Elazığ changed due to coeval
compressional, and local extensional, tectonics.
2- Channels affected by syndepositional tectonism
behave in four main ways: (a) Confinement, (b) Diversion,
(c) Deflection and (d) Blocking. In previous studies when
syndepositional folding controls the channel behaviour,
blocking can develop in cases where the anticlinal axis
that grew during sedimentation is horizontal, and then
deflection occurs when an anticline has a significant
plunge. In this study, however, it is shown that an anticline

with a plunging axis can both block and deflect at the
same time.
3- With blocking, a channel that previously had
a downslope orientation is progressively blocked by
growing structure that first ponds sand or conglomerate
upslope of the growing structure, leaving a ‘remnant’
channel reach on top of it, and then eventually diverting
or abandoning the original channel completely. Such
behaviour is probably also seen on growing salt domes,
mud diapirs, or base of slope gravitational thrust folds.
An additional relationship revealed for the first time
in this study is called “Termination”, where normal
faults that develop perpendicular to the fold axes in
deep marine environments where there is active folddeep marine channel relationship abruptly terminate
turbidity currents. This is a type of intraslope ponding,
and once filled, the fault-generated termination of the
clastic system may be overtopped or abandoned.
4- Apparent clinoforms in otherwise stratified
pebbly sandstone intervals can form as a result of loading
and growth in intraslope confinements. Similarly,
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Figure 23. This figure was created for this study to illustrate that blocking, deflection and termination can be formed together related
to a coeval plunging anticline. Orange exposures represent older flows before Marik Anticline formation. Closure of the Maden Basin
(Late Middle Eocene) to the south and related thrusts (see Figure 3B, thrust fault no: 5) and contraction created a southern sediment
source. Gir Tepe Channel, Nohut Tepe Channel Complex and yellow coloured deflected Marik Member are contemporaneous. Note
that although the ponded orange coloured Marik Member is older than yellow one, it is topographically 200 m above the younger yellow
one. This altitude difference between the two stages is mimicking the Late Middle Eocene geography since all the stratigraphic units have
been moved over the thrust toward south (for detail map see Figure 4).

growth geometries in channel levee wings may also be
affected by growing synsedimentary structure.
5- The scheme developed in this paper may
well be of interest in deep-water oil field development
in tectonically active deep-water slopes, or those
with substrate movement or gravitational collapse
where deep-water channel pathways can be affected.
Stratigraphic and combination traps would be common
in such a setting as a result.
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